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SUMMARY 

An experimental investigation was conducted to  determine the effects 
of v e r t i c a l  location of an unswept WFng and horizontal tail on the aero- 
dynamic characteristics i n  pitch of a wing-body-tail combinatLon. The 
wing had an aspect r a t i o  af 3 .Og, a taper r a t i o  of 0.39, the  quarter-chord 
line swept back ll.50, and biconvex sections. Lift, drag, and pitching- 
moment coef fk ien ts  were obtained at Mach numbers from 0.60 to 1.40 f o r  
angles of  attack from -4O t o  approximately l 3 O ,  with  the  boundary-layer 
transit ion on the model fixed and free.  The Reynolds number of the tests 
was 1.5 million, based on the wing mean aerodynamic chord. The effects of 
Mach  number on the experimental and calculated HI% c w e  slopes, pitching- 
moment curve slopes, and contributions of the  horizontal tail to   the  
pitching-moment curve  slopes are presented for the various KLng and 
horizontal-tail  Locations. 

One af many aerodynamic problems confronting  the  designer  of tran- 
sonic o r  supersonic a i r c ra f t  having a h o r i z o n t a l . t a i l i s  that of locating 
t h i s  tail t o  provide sat tsfactory  s ta t ic   longi tudinal   s tabi l i ty  throughout 
the  expected  ranges of f u g h t  speed and att i tude.  Usually, existing  theory 
i s  not able to pr0-d.de sufffciently reliable Wormation for  the designer, 
and the only  recour~e  i s  t o  experiment. Only in exceptional  cases, how- 
ever, i s  the configuration of a proposed airplane sufficiently similar to 
that of a tes ted model that  the  experhental  data can be employed directly.  
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.j Usually, the  designer m u s t  depend on an interpolation of results fo r  R 
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number of related  configurations.  Reliable  information i s  provided i n  
t h i s  manner, however, only when enough experimental  data are available 
t o  bracket  the  contemplated values of each design parameter. 

For unswept-wing configurations,  a 6umaz-y of some horizontal-tall 
data  obtained a t  low subsonic Mach numbers is available in  reference 1, 
and the  results of several  distinct  investigations a t  transonic Mach 
numbers a r e   r e p r t e d  in references 2 to  1.3. These Latter results, how- 
ever, provide l i t t l e  information on the  effects of v e r t i c a l  location of 
the  horizontal tail. 

The purpose of the present  report i s  to  provi.de sone of the  necessary 
d a h  for locating the horizontal tail on unswept-wing airplanes so at3 to 
furnish desirable l o n a t u d i n a l  s tabiuty  character is t ics  at transonic Mach 
numbers. The data- were obtained from an investigation, throughout the 
transonic Mach  number range, of the affects of vertical  location of the 
KLng and horizontal tail on the Uft, drag, and pitching-znoment character- 
i s t l c s  of an airplane  configuration having an unswept, tapered wing of 
aspect  ratio 3.09. The investigation x&s conducted in  the Ames 2- by 2- 
foot  transonic wFnd tunnel  for Mach nmbers from 0.60 to 1.40, f o r  angles % 
of attack a6 high as about 130t and for a Reynolds number of 1.5xlW, 
based on the me= aerodynamic chord of the wing. Theoretical  values of 
l i f t  and pitching-moment curye  slopes  together with the  contributions of 
the hor izonta l  tail t o  the pitching-mment curve slopes, calculatzd by 
the methods of reference 14, are presented for comparison with the  corre- 
sponding experimental values. A l l  the data  reported  herein  are  presented 
without  discussion: 
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NOTATION 

wing s p a  

drag coefficient 

l i f t  coefficient 

ac, lift curve slope. - 

pitching-moment 

pitching-"t  

coefficient  referred t o  - (See f ig .  1.) E 
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2 
contribution of the horizontal tail to the pitching-moment 

d c w e  slope, (%) at  constant a 
tail on 

C loca l  chord of wing 

ct 
E mean aerodynamic chord of wing 

local  chord of horizontal tail 

E t  mean aerodynamic chord of hor izonta l   t a i l  

M free-stream Mach number 

z 
4 

a 

vertical  distance above the wing chord p b e  

angle of attack, deg 

The configuration of the basic model with pertinent dimensions  and 
h t a  are given in f igure  1(a] .   me model was made of s t e d  and, t o  
f ac i l i t a t e  changes i n  configuration, was constructed in  three parts: 
the body-nose unit, the wing unit which included  the nrLddle portion of 
the body, and the tail unit which Fncluaed the afterbody. Two wing units 
w e r e  made: one wlth the wing in a plane passing through the body a x i s  
(hereinafter  designated mid ving) and one with the wing high on the body 
(high wing). The w3ng was uncarmbered and untwisted and was fixed on the 
body at  zero  incidence with no dihedral. Four tail m t s  were made: an 
afterbody with neither  horizontal  nor  vertical tails ( t a i l   o f f ) ,  one 
including both hoezontal  and ver t ica l  talls with the horizontal tail i n  
a plane  passing through the body axLs (mid tail), and one each with the 
horizontal tail fn a moderately high (moderately high tail) and a high 
location (hlgh tail) supported by a swept, uptapered strut. The ver t ica l  
tail and the struts had NACA (3003 a i r fo i l   sec t ions  in the streamwise 
direction. The tails were a l l  fixed at zero incidence with no dihedral. 
The wing and tail units w e r e  made In such a manner that the span and 
Longitudinal  location of the wing and horizontal tail remained fixed fo r  

tail units could be rotated through an angle of 1800 to form low-wing o r  
low-tai l  configurations. 

'I the different vertical   locations.  PurthermOre, the high-wlng and high- 

.r 
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A t o t a l  of ten configmations was employed i n  the present  investiga- 
tion. In the following table  these  configurations  are listed together 
wLth the  appropriate values of the  horizontal tail-height parameter, 

r- 

./ (b/2 1 c 

Configurations 

M€d wing, tail o f f  

High wing, tail off 
Mid wing, mid tail 
Mid wing, moderately high tail 
Mid wing, high tail . 

Mid wtng, -moderately l o x  t a i l  
Mid e g ,  low tail 

H i g h  wing, moderately low t a i l  

Low KLng, tail off  

Low WLng, high tail -. . .  

"- 
0 
0.16 
0.33  
-0.16 

. -0. 33 
.. . 0.45 

-0.28 

" - 

4 

The a r r angemt  and prfncipal dimensions of the various wtng and tail 
configurations employed in the  present  investigation  are  illustrated Fn 
figure l (b ) .  

Wind Tunnel and Model-Support System 

The Ames 2- by 2-fmt transonic wind timnel, in xhich the  present 
t e s t s  were conducted, u t i l i zes  a flexible  nozzle and porous test-section 
walls, as i l lus t ra ted   in   f igure  2, t o  permit continuous  operation to  a 
Mach number as high as 1.4 and t o  provide  choke-free flow in  the  tes t  
section throughout the  transonic Mach number range. The stagnation pres- 
sure within the wind tunnel can be varied  to  maintaln a constant Reynolds 
number throughout the operational range of Mach numbers. A detailed 
decription of the tunnel and of the  function of  various component parts 
i s  presented Fn reference 15. 

c 

" 

During the tests the model was mounted in the  and-tunnel  test  
section on a 1-inch-diameter, flexure-typ,  sting-supported  balance. 
This balance was enclosed  within the body of the model and was f i t t e d  
with electrical-resistance strain gages with which the forces and moment6 
on the model  were measured. A model rnounted on the sting-supported bal- 
ance i s  shown in figure 3.  The sting-support housing can be i n c u e d  
through an angle-of-attack range of -8O t o  8O in a fixed  plane, with the 
center of rotation Located near  the middle of the &del. A bo bent s t ing * 
was employed for  the present  tests in order t o  provide  an'angle-of-attack 
range of -40 to  U0, neglecting  deflections due t o  wind loads. 

I. 
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Tests 

L i f t ,  drag, and pitching-moment data were obtained a t  20 Mach numbers 
ranging from 0.60 to 1.40 and at angles of attack ranging from -4O to 
appro”te1y l 3 O  for  the configurations and conditions of boundary-layer 
transit ion checked in the following table. (Unreliable drag &ta were 
obtained  for some configurations and are not  presented. 

Configurations 
- 

Mid XFng, tail Off ~ 

Low wing, tail off 
H i g h  wing, t a i l  off 
Mid wing, mid t a i l  
Mid wing, moderately high tail 
Mid wing, high t a i l  
Mid wing, moderately l o w  t a i l  
KLd wing, low t a i l  
Low WFng, hi& tail 
H i g h  wing, moderately low tafl 

Transitic 

ZqFg 
X 
X 
X 

X 

X 
X 
X 

X 

X 
X 

X X 
X X 

n free Transition  fixed 

Lift 1 Drag I moment Pltching . moment 
X 
X 

X 

X 

X 

X 
X 

X 

X 

X 
I 1 

X 
X 

X 

X 

X 

When ei ther  the loads on the bdance  or  the power supplied to the wind- 
tunnel drive reached l3ndt-g values,  the angle-of-attack  range was corre- 
spondingly Ilmited. The Reynolds number of the t e s t s  was held constant at 
a value of 1.5 million, based on the wing mean aeroaynamFc chord, except 
for  the low-wing, Wl-off and Low-wing, high-tail canfie;Liratians for  a 
Mach number of 1.40 &en the Reynolds number was decreased t o  1.0 &=on 
t o  reduce the  loads on the balance. 

Boundary-layer transit ion wan fixed on the wing and horizontal tail 
by means of a 0.005-inch-diameter wire attached t o  the surfaces along rays 
from the leading-edge apex to the quarter-chord points at the t ips .  Tran- 
s i t ion  was not  fixed on the vert ical  tail o r  on the vert ical  support 
st ruts .  On the body, transit ion w a s  fixed by a r ing of 0.005-inch-diameter 
wire around the nose at a location 1.33 inches from the apex. A visuali- 
zation technique showed that the boundary layer on the model became turbu- 
lent imediately downstream of the wire at l o w  a n g l e s  of  attack over the 
Mach number range of the tests .  

The increment i n  drag coefficient due to the transit ion uires could 
not be accurately  evaluated from the data of the present  investigation. 
It was estiinated, however, that  the increment for  transit ion wires on the 
body nose and on both surfaces of  the wing and horizontal tail varied 
from 0.0012 to 0.0015 over the test range  of Mach numbers, and f o r  wires 
only  on the wing, from 0.0007 to 0.oOOg. For the estimations, the drag of 
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the vires was assumed to be due prlacipally t o  pressure differences &cross h 

the upstream  and domstream sides of the xires. Pressure6 measured on .. 

forward and rearward facing  steps, and obtaFned fs reference 16 and f r o m  
unpublished  investigations i n  the Ames 1- by 3-foot and 1- by 3-l/2-f00t L 

,wLnd tunnels, were  employed i n  the calculations. It is  significant to 
note that the pressures on the steps varied substantially depending on 
whether the boundary layer at the steps was lmrbar, transit ional,  o r  tur- 
bulent. For low supersonic Mach numbers the  pressure  dlfferences  acro8s 
the  faces of a step  simulating a wire were roughly twice as much fo r  a 
turbulent boundary layer  as for a laminar boundary Layer. For the above 
estimations,  pressures were used that most nearly corresponded to   the local . 

boundary-layer  conditions and loc-a3 Reynolds a id  Mach nmibers a t  the psi -  
t ion of ehe transit ion wires OR the model. (The boundary layer ahead of 
the wires was laminar and transition  occurred at a distance  behind the 
wires of the order of 10 wLre diameters.) The above method of estFmating 
the  drag of the wires has been substantiated  for the condltion of a turbu- 
len t  boundary layer  over the wires. For this condition,  increments i n  drag 
coefficient due to  the wires were  determined experimentally i n  the wind 3 
tunnel simply by adding a second wire on the wing para l le l  to and 1/4-Fnch 
downstream of the init ial  transit ion Mre. The expe-tal increment Fn 
drag coefficient due to   the -second wfre -varied f k m  0.0011 t o  0.0022 over 
the Mach number range from 0.60 t o  1.40, whereas the correspanding 
estimated  increments  varied from 0.0013 t o  0.0018. 

. .  

5 -  

CORRECTIONS AND PRECISIOH 

Wall-interference  corrections to  the data of the present  investigation 
have been neglected  for  both  subsonic and supersonic Mach numbers. That 
the effects  of the wfnd-tunnel walls are smal l  i s  shown by the data of  
reference 15. 

Varioua other  factors which could influence  the measured data have 
been considered and have been dealt with in various way-s. Stream angu- 
lar i ty   correct ions were insigrdficant., air-stream condensation effects  
were negligible,  aeroelastic  distortion  of the WFng and tail was believed 
t o  be small, and the influence  of the s t ing  support on the measured data 
was believed to  be negligible. Consequently, corrections  for  these 
effects  were not made. Each angle  of  attack, however, has been corrected 
fo r  the deflection of  the support st ing and balance due t o  vfnd loads on 
the model. The axtal forces 'measured by the jnternal  balance have been 
adjusted to correspond t o  a conclltion of free-stream s t a t i c  pressure at 
the base of the body. The drag data presented in this report  for  the 
fixed-transition  condition  include  the drag of the t ransl t ion wLres. 

In addition to  s a  systeniatic error6 &ich be  &traduced by 
the  corrections that have been disregarded, the test  data are subject to 
mdom errors of measurement which .affect the  precisian -af a e  data. An 
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analysis,  based on the  procedures of reference 17, has  been made of the 
precision of Mach number,  lift,  drag,  and  pitching-moment  coefficients, 
angle of attack,  and  Reynolds  number  for  the  present  tests.  These r a n d o m  
uncertainties  are  given in the following table  for low and  moderate angles 
of  attack  and  for  three  representative  Mach nmbers: 

M = 0.60 
Item 

M =  
a = 0.25O I a=@ a# = 0.25O 

I 

M *O .002 m.002 k0.002. 
% 

t. 002 *.004 f. 003 cm 
2.002 f.005 i.004 

CD f .om2 f. 0004 f.0002 
a f .020 f. 0l0 k .020 
R *.oaa@ f . 0 3 ~ ~ ~  +.03~ loe  

f0 .002 5a. 002 
f. 007 f.001 

f.007 
f.oolLL 

+. 001 

f.02O 5 . 0 3 ~  
k. 0002 

f .02fi06 f . 0 8 f i O g  

f0 .002 
f. 005 
f. 005 
f .0010 
f.WO 
f .08'riLO" 

The Ut, drag,  and  pitching-moment  data have been  reduced to standard 
coeffFcient  form.  using KFng area,  including the portion  covered by the body, 
a6 the  reference  &rea. P i t c h f n g - m o m e n t  coefficients  for  each  configuration 
are based on the wing mean  aerodynamic  chord and are referred to a pobt on 
the  body axis, the  longitudinal  position of mch corresponds  to  the 25- 
percent  point of the KLng mean aerodynamic chord  (see fig. 1). 

The  results  included in this report  are  presented  without  discussion. 
The variations of Uft coefficient W L t h  angle of attack,  pitchfng-moment 
coefficient, and drag  coefficient with l i f t  coefficient  are  presented in 
figures 4 to 9 for  the  configurations with tail on and off.  The lift, 
pitching-moment, and drag data are given, respectively, in figures 4, 6, 
and 8 for  boundary-layer  transition  free  and in figures 5, 7, and 9 for 
transition  fixed. In order to distinguish among the  pitching-moment data 
at high lift coefficients  for Mach nrmibers of 0.80, 0.85, and 0 . 9 ,  flags 
have  been  added  to  the symbols for a Mach  number of 0.85. Portions of the 
curves  at a Mach  number of 1.40 for the low-wlng, tail-off and low-wing, 
high-tail  configuratians  have  been  broken to indicate that theBe parts of 
the  curves  correspond to a Reynolds  nmber of 1.0 millLon. The  effect  of 
Mach  number on C& and CW at lift coefficients of 0, 0.2, and 0.4, 
trassitian  both  fixed  and  free,  are  presented in figures 10 and ll for 
wing-body and wing-body-tail  combinations,  respectively.  Calculated  values 
of  and % determined  by  the  methods of reference 14 are also shown 
in figures 10 and U. for comprison uith the  experimental  values  at a lift 
coefficient of zero.  Contributions of the  horizontal  tail to at  

c"cL 
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l i f t  coefficients of 0, 0.2, and 0.4 are  shown in  figures 12 and 13 f o r  
t ransi t ion free and fixed, respectively.  Path  calculated and  expertmental 
values of the  horizontal-tail  contributions to C at zero l i f t  coef- 

f ic ien t  are presented in figure 14 f o r  cornparison. 
%L 

For the  calculations of %, %, and the  contribution of the 

horizontal tail to Cmc by the methods of  reference 14, theoretical  

wing alone l i f t  curve slopes were  ut i l ized a8 determined for subaonic, 
sonic,  and  supersonic Mach numbers by the methods of references 18, 19, 
and 20, respectively. Inasmuch as the   effect  of changing the  position 
of the wing of  the  preient wing-body camblnation-is  believed t o  be within 
the  accuracy  of  the  calculations,  the  calculated slopes for the mid-wing 
configuration  are also taken as those for  the low-wtng and  high-wing con- 
figurations. The calculations involving the hi& (or  low) t a i l  were deter- 
mined assuming zero  interference-between  the tail and the body. The Fnter- 
ference on the moderately high (or moderately low) t a i l  due to the xing and 
due to   the  body, however, could not be determined direct ly  from refer- 
ence 14. To determine W s  interference, domwash dfstributions across J 

the t a i l  due t o  the wing vortices and due t o  the  cross-flow-velocity cam- 
ponent over  the body  were calculated. These downwash distributions were 
used t o  compute the  ratios of interference l i f t  to   the l i f t  of the t a i l  
alone by means of the Alden-Schindel technique  described in reference 14, 
with  the simplification that the  reverse-flow  spanwise-lift  distribution 
was e l l i p t i ca l .  

L 
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Dimensions In Inches 
except os noted 

Moment  center, FA 

Wrng 

3.09 399 

Horizontal 
tai I sody 

Aspect rot10 Ordinates given by: 

Taper  rotlo 
-39 .33 f .  F- pf]; 

Thickness -chord rotlo .03 .03 
Airfoli section Biconvex  Circular  arc r =  Ioml rcdius 

Are0 38.81 sq in 7.74 sq h. x = lonqitudmo1 distance 
Meon aerodynamic chord 377 in. 1-51 in. 
Location of unswept line .61 c -30 ~1 

- 

Where 

(mar. thickness at 0.3 chord) re=?-,- = 0.794 

from nose 
1 = 2 t X k  J = f9.833 

(a) Basic model Ki%h horizontal tail l o c a t d i n  the middle position. 

Figure 1. - Configurations o f  the model investigated. 
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Figure 1.- Concluded. 
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Figure 3.-  Typical model i n e t a l b t i o n   i n  the Ames-2- by 2-foot transonic 
wind tunnel. 
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(c) Md-Wing, high-tall  configuration. 

Figure 4.- Continued. 
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Figure 4. - Continued. 
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( e )  Mid-wing, low-tail configuration. 

Figure 4. - Continued. 
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( a )  Md-eng, ‘&a-tail configuration. 

Figure 5.- Variation of l i f t  coefflcient with angh of attack for constant Mach number; boundary- 
layer transition fixed. 
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(a) M d - a n g ,  mid-tail configuration. 

Figure 6.- Variation of pitching-moment coefflclent xlth lifl  coefficient for constant Mach 
nmber; boundary-layer transitlon free. 
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'(a) Md-wing, mid-tail configuratlon. 

, F i g u r e  7.- Variation of pikhing-mmnt coefficient with Uft coefficient f o r  constant Mach 
number; boundary-layer transition flxed. 
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(a) Mid-wing, high-wl.  conflguration. 

Figure 7.- COntlnued. 
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(c)  Low-xlng, ugh-tail confl&*tion. 

figure 7.- Concluded. 
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(a) E&&-wing, moderateu Lox tail configuration. 

Figure 8. - concluded. 
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(a) md-wing, d d - t d l  conflguratim, 

Figure 9.- Variation of drag coefPlc lent  with lift coefficient for constant hhch number; 
boundary-layer transition flxed. 
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(c) LOX-KL~~, U@-tail configumtion. 

Figure 9.- Concluded. 
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(a) Mid-wing conflguratian. 

Figure 10.- Effect of Mach number on cLa and c"cL of the wing-body 

conflgurations; boundary-layer transition f ixed and free. 
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(b) Low-wing configuration. 

Figure 10. - Continued. 
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( c )  H i g h - w i n g  configuration; transition free. 

Figure 10. - Concluded. 
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(a) Mid-wing, mid- ta i l   conf igua t lon .  

Figure ll.- Effec t  o f  Mach nuqiber-on CLC, and. of the King-body-tail 
c"cL 

configprations;  boundary-layer transition fixed and free. 
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(b) Mid-wing, moderately Mgh tail configuration;  transition free. 

Figure U.- Continued. 
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(c) Mid-wing, him-tail configuration. 

Figure ll.- Continued. 
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Figure U. - Continued. 
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Figure ll.- Continued. 
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( f ) b w - w i n g ,  Wgh-tail configuration. 

Figure 11.- Continued. 
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( g )  High", moderately low taFl configuration; transition free. 

Figure IL. - Concluded. 



Figure 12. - Effect of Mach-number on the co&rJ7bu$J.qq7 of--the horizontal-  
tail to C ; boundary-layer transition free. 
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(b) Angle of attack f o r  ta i l -off  lift coefficient of 0.2. 

Figure 12. - Continued. 
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( c )  Angle of attack f o r  ta i l -off  lift coefffcfent of 0.4. 

Figure 12. - Concluded. 
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(b) Angle Qf attack f o r  tail-of f l i f t  coefficient of 0.2. 

Figure 13.- Effect of Mach number on the  contribution of  the  horizontal 
t a i l  t o  CmcL; boundary-layer t ransi t ion fixed. 
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(c) Angle of attack for tail-off lift coefficient of 0.4. 

Figure 13. - Concluded. 
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(a) md-wing configurations. 

Figure 14. - Calculated and experimenal values of the  contribution of the 
horizontal  tail to % at an angle of attack for tail-off l i f t  

coefficient of zero; boundary-layer  transition free. 
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Low- and .high-wing conflguratfons . 
Figure 14.- Concluded. 
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